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A Perceptual–Motor Deficit Predicts Social and Communicative
Impairments in Individuals With Autism Spectrum Disorders
Sally A. Linkenauger, Matthew D. Lerner, Verónica C. Ramenzoni, and Dennis R. Proffitt
Individuals with autism spectrum disorders (ASDs) have known impairments in social and motor skills. Identifying
putative underlying mechanisms of these impairments could lead to improved understanding of the etiology of core
social/communicative deficits in ASDs, and identification of novel intervention targets. The ability to perceptually
integrate one’s physical capacities with one’s environment (affordance perception) may be such a mechanism. This
ability has been theorized to be impaired in ASDs, but this question has never been directly tested. Crucially, affordance
perception has shown to be amenable to learning; thus, if it is implicated in deficits in ASDs, it may be a valuable
unexplored intervention target. The present study compared affordance perception in adolescents and adults with ASDs
to typically developing (TD) controls. Two groups of individuals (adolescents and adults) with ASDs and age-matched TD
controls completed well-established action capability estimation tasks (reachability, graspability, and aperture passabil-
ity). Their caregivers completed a measure of their lifetime social/communicative deficits. Compared with controls,
individuals with ASDs showed unprecedented gross impairments in relating information about their bodies’ action
capabilities to visual information specifying the environment. The magnitude of these deficits strongly predicted the
magnitude of social/communicative impairments in individuals with ASDs. Thus, social/communicative impairments in
ASDs may derive, at least in part, from deficits in basic perceptual–motor processes (e.g. action capability estimation).
Such deficits may impair the ability to maintain and calibrate the relationship between oneself and one’s social and
physical environments, and present fruitful, novel, and unexplored target for intervention. Autism Res 2012, 5:
352–362. © 2012 International Society for Autism Research, Wiley Periodicals, Inc.
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Since their earliest descriptions, individuals with autism
spectrum disorders (ASDs) have been depicted as exhib-
iting characteristic social/communicative deficits and
general motor problems (Asperger, 1944, as cited in Wing,
1981; Forti et al., 2011; Ming, Brimacombe, & Wagner,
2007). While it has been speculated that both motor and
social/communicative deficits may originate from a
common etiology (Baranek, Parham, & Bodfish, 2005),
such speculation has not been empirically tested. Herein,
we assessed the hypothesis that a very basic perceptual–
motor integration deficit may be present in ASD popula-
tions, and that this deficit may underlie the more
commonly addressed social and motor issues present in
individuals with ASDs.
Beginning in early development, people and other
animals actively explore their surroundings and, in so
doing, learn the relationship between their actions and
the optically specified effects that these actions produce
in the environment (Gibson, 1966, 1979). The ability to
calibrate actions with their perceptual outcomes is com-
monly referred to as affordance perception and requires
perceptual–motor integration. Not only does this calibra-
tion allow individuals to anticipate the consequences of
their own movements in visual environments, but it also
semantically grounds visual information to the organism
and its actions. Perceptual–motor integration is funda-
mental to everyday tasks that require interacting with the
environment (e.g. walking through doorways, and decid-
ing when to cross a street; Adolph & Berger, 2006;
Konczak, Meeuwsen, & Cress, 1992; Mark, 1987; Mark
et al., 1990; Oudejans, Michaels, Bakker, & Dolné, 1996;
Stoffregen, Yang, & Bardy, 2005; Warren, 1984; Warren &
Whang, 1987) and the agents that populate it (e.g.
Chang, Wade, & Stoffregen, 2009; Ramenzoni, Davis,
Riley, Shockley, & Baker, 2011). Affordances perception
is thought to be fundamental to the success of social
interactions. Humans’ ability to understand and predict
the movements of others in social contexts (Marsh,
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Richardson, & Schmidt, 2009; Ramenzoni, Riley, Shock-
ley, & Davis, 2008a, 2008b) and to engage in ongoing
interactions (Davis, Riley, Shockley, & Cummins-Sebree,
2010; Richardson, Marsh, & Baron, 2007) depends to
large extent on it.
Because affordance perception contributes to successful
performance of many motor and nonverbal social capa-
bilities, it is possible that impairments in basic affordance
perception may underlie both the motor problems and
the social/communicative deficits evident in persons
with ASD. Similar to what is known about developmental
dyspraxia (Dewey, 1995; Dewey & Kaplan, 1992), difficul-
ties in affordance perception stemming from perceptual–
motor integration deficits may yield downstream
difficulties in communication and interaction abilities.
Although the perception of affordances has not yet been
empirically investigated with respect to ASDs, people
with ASDs have specifically reported difficulty in affor-
dance perception as well as impairment in tasks that
require perceptual–motor integration (Attwood, 2008).
For example, many individuals with ASDs report prob-
lems with walking up stairs, as it requires the motor
system to utilize visual information to specify how high
to lift up ones foot to ascend the stair. More recently,
researchers have found that many of these motor deficits
are attributable to deficits in motor planning rather than
execution, which would be consistent with an affordance
account (Forti et al., 2011). Similarly, deficits in motor
skills in individuals with ASDs have been found to be
related to sensitivity to biological motion and the ability
to use visual information to maintain posture (Price, Shif-
frar, & Kerns, 2012). Such motor skill deficits may directly
yield difficulties in elements of social interaction; for
instance, de Marchena and Eigsti (2010) found that youth
with ASD displayed poorer synchrony between gestures
and speech during a narrative task, with degree of syn-
chrony predicting communicative quality. Overall,
current research indicates a pattern of motor deficits spe-
cific to ASDs, with researchers strongly suggesting that
these deficits may emerge from a profound underlying
perceptual–motor integration problem (Whyatt & Craig,
in press).
While perceptual–motor integration is typically
thought of as allowing individuals to determine their
own action capabilities in their environment, there is also
a wealth of research supporting the notion that perceivers
recruit their own perceptual–motor processes to simulate
and, thereby, understand the actions of others (Blakemore
& Decety, 2001; Fabbri-Destro & Rizzolatti, 2008). Con-
sequently, deficits in perceptual–motor integration could
be the reason individuals with ASDs have often been
reported to have difficulty identifying and predicting the
outcome of other’s actions (Boria et al., 2009; Zalla,
Labruyere, Clement, & Georgieff, 2010). While such
results have not always been found (Carpenter, Penning-
ton, & Rogers, 2001; de C. Hamilton, Brindley, & Frith,
2007; Falck-Ytter, 2010), such inconsistency highlights
the importance of identifying basic perceptual processes
that may underlie difficulty in predicting others’ actions.
Additionally, perceptual–motor integration allows indi-
viduals to coordinate their actions with those of others
(Ramenzoni et al., 2008a). Neurotypical individuals
almost automatically adjust their own movements to
coordinate with those with whom they are interacting
(Boker et al., 2011; Ramenzoni et al., 2011), whereas indi-
viduals with autism do not show this type of reactivity to
the actions of others, which also supports a perceptual–
motor account (Marsh et al., 2009). Therefore,
perceptual–motor integration is central to not only acting
in the environment but also acting in conjunction with
others, which is the basis for social and communicative
abilities. If those with ASDs are impaired in perceptual–
motor integration, it could likely cause deficits in other
social-cognitive domains.
In concordance with this condition, a large body of
research supports the notion that individuals with ASDs
have deficits in interpreting human biological motion
from point light displays. Typically developing (TD) indi-
viduals are strikingly proficient at identifying and inter-
preting human movements from displays featuring only
lighted dots on the key joints of a human actor starting
from 2 days after birth (Simion, Regolin, & Bulf, 2008). TD
individuals are quite accurate in their interpretation of the
action being performed as well more subtle information
such as gender, body weight, arousal level, and even
emotional valence of the individual depicted from only
the relative motion of point light markers on the joints of
an individual’s body (see Kaiser & Shiffrar, 2009, for a
review). Individuals are better at determining the actions
in their own point light displays than those of others even
from the third-person perspective. Additionally, the
ability to process the point light displays decreases as a
function of the discrepancy between the motion of the
observer’s body and the motion of the point light display,
suggesting that the ability to interpret these point light
displays is likely due to the capacity to simulate the
motion in the display with one’s own motor system
(Parkinson, Springer, & Prinz, 2011; Springer et al., 2011).
This being the case, to identify the action in the point light
display, individuals must integrate the visual information
specifying the action to their motor system in a form of
perceptual motor integration. In correspondence with
perceptual–motor deficit idea, some evidence suggests that
individuals with ASDs have difficulty interpreting these
displays. Children with ASDs are impaired in determining
the difference biological motion versus scrambled motion
in comparison with aged-matched TD children (Blake,
Turner, Smoski, Pozdol, & Stone, 2003); however, see
Moore, Hobson, and Lee (1997) for opposing conclusions
from a different experimental design.
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Although adults with ASDs appear to improve in their
ability to discriminate biological motion from nonbio-
logical motion from point light displays (Murphy, Brady,
Fitzgerald, & Troje, 2009; Rondan & Deruelle, 2005),
adults with ASDs are still inferior to TD individuals in
identifying other aspects from point light displays such as
emotional state and naturalness of the movement (Cook,
Saygin, Swain, & Blakemore, 2009; Hubert et al., 2007).
Additionally, neural imaging studies have revealed that
individuals with ASDs use different neural mechanisms
when interpreting biological motion, suggesting that
perhaps a compensatory mechanism allows for the ame-
lioration of the deficit (Koldewyn, Whitney, & Rivera,
2011; McKay et al., 2012). Specifically, individuals with
ASDs show less activation in neural areas associated with
their own actions than TD individuals when performing
these tasks (Freitag et al., 2008). Consequently, individu-
als with ASD could bypass perceptual–motor integration
using simple visual recognition to perform these tasks to
compensate for the perceptual–motor integration abili-
ties used by TD individuals.
To test directly for a perceptual motor integration
deficit, we had adolescents with ASDs perform affordance
perception tasks that require perceptual–motor integra-
tion. Adolescents were selected for this initial exploration
of this phenomenon for several reasons. First, we wanted
to ensure that they had reached an age of high diagnostic
stability. Second, we wanted to increase the likelihood of
comprehension of tasks that have been well validated in
young adult samples. Third, by adolescence, youth might
otherwise be expected to develop compensatory capaci-
ties, thus providing a strict test of the hypothesis that
basic affordance perceptions are impaired in individuals
with ASDs. Using well-developed paradigms (Ishak,
Adolph, & Lin, 2008; Warren & Whang, 1987), we asked
these adolescents to estimate whether they could perform
simple actions without overt feedback. Specifically, they
were asked to estimate the extent of their grasping ability,
the maximum extent of their reach, and the largest aper-
ture through which their hands could pass. These tasks
require that individuals be able to relate visual informa-
tion to the action capabilities of their body in the absence
of motor feedback.
We chose these tasks for several reasons. First, in terms
of hand and arm movements, several studies have shown
that children with ASDs are just as accurate with their
movement profiles as TD children, only differing by a
slight increase in the spatial and temporal variability of
movement onset (Forti et al., 2011; Glazebrook, Elliott, &
Lyons, 2006). Second, ASD individuals have intact or
even superior abilities in estimation tasks, including those
involving vision, such as in size and distance estimation
tasks (both verbal and visual matching), visual discrimi-
nation tasks, detecting embedded figures, and reproduc-
ing visual stimuli by hand (Ashwin, Ashwin, Rhydderch,
Howells, & Baron-Cohen, 2009; Souliéres et al., 2010).
Indeed, in many cases, individuals with ASD demonstrate
superior awareness of the relative position of their limbs
in space and can use this information in learning new
actions (Haswell, Izawa, Dowell, Mostofsky, & Shadmehr,
2009; Mottron, Dawson, Souliéres, Hubert, & Burack,
2006). Third, motor planning abilities have shown to be
intact in other clinical populations, such as attention
deficit/hyperactivity disorder (Klimkeit, Mattingley,
Sheppard, Lee, & Bradshaw, 2005), that might otherwise
be comorbid with ASDs (Sinzig, Walter, & Doepfner,
2009). Fourth, affordance perception is typically not asso-
ciated with creativity/imagination but rather being able
to integrate visual information specifying the environ-
ment and the action abilities of the body (Gibson, 1979).
Thus, if deficits were found on these tasks, it would be
unlikely that they are attributable to problems with
general motor or visual estimation abilities, clinical
comorbidities, or limitations in imaginative ability;
rather, such deficits would support the presence of a spe-
cific deficit in perceiving one’s own action capabilities.
Finally, these tasks (and affordance perception in general)
are similar to those that have demonstrated learning
effects (Adolph, 1997; Fajen, 2005). Thus, if deficits were
found, they would present a promising novel target for
intervention to address core deficits in ASDs.
Experiment 1: Affordance Perception and
Adolescents With ASDs
Adolescents with and without ASDs performed several
tasks that require perceptual–motor integration. Specifi-
cally, we assessed participants’ accuracy in their ability to
perceive affordances. If individuals with ASDs show
greater errors than individuals without ASDs, it is likely
that perceptual–motor integration is impaired in those
with ASDs.
Methods
Participants. Twelve male adolescents (age 9–13,
Mage = 11.08) with high-functioning ASDs and 12 age-
matched TD male adolescents (age 9–13, Mage = 11.08)
participated in the experiment after both the participant
and their parent gave informed consent. None of the
participants had any significant hearing loss, visual
impairment, or major physical disability. Documented
diagnoses for the all adolescents with ASDs were provided
by area clinicians and confirmed for all but one using the
autism diagnostic observation schedule (ADOS; Lord,
Rutter, DiLavore, & Risi, 1999) in a separate study
[M = 12, standard deviation (SD) = 4; minimum (Min) = 7,
maximum (Max) = 20). While intelligence quotient (IQ)
has shown to be unrelated to affordance perception (e.g.
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Block, 1993); to rule out this theoretical confound, an
abridged version of the Wechsler Intelligence Scale for
Children-IV (Vocabulary and Matrix Reasoning; Wech-
sler, 2003) was administered to ASD participants to
ensure matched IQ with the community-recruited TD
sample. The chosen short form configuration was
selected because of its demonstrated high reliability and
validity coefficients (Sattler & Dumont, 2004) and rapid
administration time (Ryan, Glass, & Brown, 2007). IQ was
obtained for all but two participants (analyses excluding
these participants did not alter the pattern of results)
and demonstrated average to above-average intellectual
ability in the sample (M = 117.09, SD = 8.35; Min = 106,
Max = 126). Additionally, we supplemented the diagnosis
using strict cutoffs on the parent-report Social Commu-
nication Questionnaire (SCQ; Rutter, Bailey, & Lord,
2005), a parent-report measure of the lifetime presence of
a child’s autistic symptoms that correlates highly with
“gold standard” diagnostic measures (such as the ADOS),
especially in those older than primary school age
(Corsello et al., 2007). The SCQ is composed of three
subscales: communicative ability, reciprocal social inter-
action, and restrictive/repetitive behaviors. A high SCQ
score indicates more autistic symptoms.
Stimuli and apparatus. Participants were seated at
white tables devoid of visual landmarks or texture gradi-
ents. For the graspability task, 18 square blocks of foam
board (1.25-cm thick) were constructed, which ranged
from 4 cm to 24 cm in width (4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 19, 21, 23, and 24 cm). Each block was
marked with two parallel black lines, vertically placed
along the edge on opposite sides of each block. These
lines were 2-cm long and 1/4 of a cm thick. The lines
served as reference points that indicated where the par-
ticipants were to anticipate grasping the block. For the
aperture task, a diamond-shaped hole was created
between two pieces of foam board; the bottom foam
board piece was attached to a wooden stand (see
Figure 1). The size of the hole was manipulated by
moving the top piece of foamboard upwards to increase
hole size or downwards to decrease hole size. Paper rulers
were affixed to the back of the poster board so that they
framed the diamond shaped hole and indicated varying
widths of the hole as it was adjusted to different sizes.
Procedure
Each participant completed all three action prediction
tasks. Order of task was counter-balanced. For the reach-
ability task, the experimenter moved a white plastic chip
from the opposite side of the table toward the partici-
pants or away from a point directly in front of the par-
ticipant to the opposite side of the table. The participants
informed the experimenter when they thought the chip
was at a location where it was just at the limit of their
reach with their dominant hand without moving their
shoulders from the back of the chair. Participants were
encouraged to instruct the experimenter to make adjust-
ments to the position of the chip. Participants made
reachability estimates when the chip was moving toward
or away from one of three locations—central (defined as
0° starting from approximately 1.2 m away from the
participant’s midline and moving toward the partici-
pant), contralateral (starting -30° from center moving
toward center, away from the reaching arm), and ipsilat-
eral (starting 30° from center plane moving toward the
reaching arm)—for a total of six estimates (two estimates
for each location; see Figure 1A). After participants made
their estimation, they were asked to close their eyes, and
using a measuring tape, the researcher measured the par-
ticipant’s estimate as defined by the distance between the
chip and a dot positioned directly in front of participant
on the edge of the table. After the researcher made the
measurement, participants were instructed to open their
eyes and the next trial began. The order of the estimates
was randomized. At no time during the reaching-ability
estimates were participants allowed to reach over the
table. After participants estimated their reaching abilities,
we assessed participants’ actual reaching abilities for each
arm in each direction.
For the graspability task, participants were presented
with each of the blocks one at a time in random order.
The blocks were positioned so that the two black lines on
the blocks were in a vertical position with respect to the
participant. Participants were told to anticipate whether
they could grasp the block in a specific way. The way they
were told to anticipate entailed placing their thumb on
the black line on one edge of the block and then extend-
ing their hand across the entire block to place any one of
their other fingers on the black line on the other side of
the block, as overtly illustrated in Figure 1B. A successful
grasp was defined as being able to lift the block com-
pletely off the table. After participants made their yes/no
response, the present block was removed, and a new
block was placed in front of the participants. The
researcher made a point to hold the block at its corner
across its height only using their index finger and thumb;
this was done to prevent participants gaining feedback
from the researcher’s grasping abilities. At no point
during the estimates were participants allowed to attempt
grasping the blocks. After they finished all 18 estimates,
the largest block that they could actually pick up was
assessed.
In the aperture task, for two trials, subjects were pre-
sented with the largest sized hole, and the experimenter
slowly decreased the size of the hole until participants
indicated that they could just fit their dominant hand
through the hole without touching the sides of the foam-
board, as overtly illustrated in Figure 1C. For two other
trials, participants made the same judgment except they
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were first presented with the smallest sized hole, and the
experimenter slowly increased the size of the hole. After
participants were satisfied that the hole’s size was appro-
priate, the researcher assessed the hole size using the ruler
on the back of the apparatus, and then the next trial
began. Trial order was randomized. At no point during
the estimates were participants allowed to reach through
the aperture. Following the estimates, the smallest aper-
ture that participants could fit their hand through was
assessed.
All individuals understood the three tasks as evidenced
in their successful performance of the actions overtly in
the absence of further instructions. All measurements of
anticipated and actual action capabilities were recorded
on a data sheet.
Results
Percentage error was obtained for each subject on each
task by taking the absolute value of the ratio of estimated
ability (EA) over actual ability (AA) subtracted from 1 and
multiplying by 100 ((1-(EA/AA))/100). This is the percent
amount of error deviation from AA in each estimate
regardless of the direction of the error; thus, observed
errors represented absolute deviations in either direction,




Figure 1. Visual illustrations of (A) the reachability task, (B) graspability task, and (C) aperture tasks.
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(an analysis of over- and underestimation tendency can
be seen in the Supplementary Materials). This error
measure was used as the dependent measure in repeated-
measures analysis of variance (ANOVA) with task as a
within-subjects variable and ASD as between-subjects
variable. There was a significant effect of task with aper-
ture errors [M = 32%, standard error (SE) = 6%] being
larger than reachability (M = 13%, SE = 3%) and grasping
ability errors (M = 12%, SE = 2%), F(2, 44) = 7.61, P <
0.01, ŋp2 =.26. There were no significant interactions. As
hypothesized, the amount of error in the ASD group
significantly differed from the errors in the TD group,
with adolescents with ASDs making drastically larger
errors (M = 30%, SE =3%) than TD adolescents (M = 9%,
SE = 3%), F(1, 22) = 30.82, P < 0.001, ŋp2 = 0.58 (see
Figure 2, left panel).
Notably, there was no significant univariate relation-
ship between IQ and average error (r = -0.48, P = 0.16,
two-tailed test). However, severity of ASD social/
communicative symptoms predicted performance error
on the action anticipation tasks. Higher SCQ scores pre-
dicted larger errors on the action anticipation tasks for
ASD participants, r = 0.58, P = 0.02, (all one-tailed tests),
but not control participants, P = 0.26. This correlation
was driven by communication, r = 0.79, P = 0.001, and
reciprocal social interaction, r = 0.55, P = 0.03, subscales
only (see Figure 2, right panel). Additionally, IQ did not
moderate the relationship between average error and
total SCQ scores (P = 0.95) or any SCQ subscale (all
P > 0.66).
Experiment 2: Affordance Perception and Adults
With ASDs
Experiment 1 showed that adolescents with ASDs have
difficulty determining their affordances. However, it is
possible that individuals with ASDs develop these abili-
ties later in life than TD individuals, or that errors were
unique to the original sample. Thus, if these results were
replicated in a young adult population, it will lend
further support to the hypothesis that an impairment in
basic perceptual–motor integration underlies the central
deficit from which the lifelong symptoms associated with
Figure 2. Left panel: The difference in performance of action capability estimation between autism spectrum disorder (ASD) and typically
developing individuals. Error bars indicate 1 standard error of themean Right panel: The degree of error in such estimation was correlated
with reported symptoms of communication and social deficits in the ASD population only.
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ASDs originate. We tested young adults with ASDs in the
same tasks as the adolescents to see if the perceptual–
motor deficit extends into adulthood.
Methods
Participants. Eight male adults (age 18–34,
Mage = 22.38) with high-functioning ASDs and eight TD
male adults (age 17–21, Mage = 18.75) participated in the
experiment after giving informed consent. None of the
participants had any significant hearing loss, visual
impairment, or major physical disability. Documented
diagnoses for the adults with ASDs were provided by area
clinicians. However, we note that we were unable to
access IQ or ADOS scores for these participants.
Materials and procedure. The materials and proce-
dure were the same as used in experiment 1. All individu-
als understood the tasks as evidenced in their successful
performance of the actions overtly in the absence of
further instructions.
Results
As in experiment 1, percentage error was calculated for
each task for each participant. Percentage error was used
as the dependent measure in repeated-measures ANOVA
with task as a within-subjects variable and ASD as
between-subjects variable. The results were almost iden-
tical to what we found in experiment 1, except no differ-
ences between task were found, P = 0.28. This can likely
be explained by a lack of power because of a smaller
sample size as the means differences between the tasks
followed a similar pattern as in experiment 1 (aperture,
M = 19%, SE = 4%; reachability, M = 17%, SE = 5%; grasp-
ing ability, M = 11%, SE = 2%). There were no significant
interactions. Importantly, the errors in the ASD adult
group significantly differed from the errors in the TD
group with adults with ASDs making drastically larger
errors (M = 25%, SE = 4%) than TD adults (M = 6%,
SE = 4%), F(1, 14) = 14.14, P = 0.002, ŋp2 = 0.50 (see
Figure 2). When collapsing across experiments, on
average, ASD individuals’ estimations deviated from their
actual capabilities by 28%, in comparison with 8% from
controls.
Discussion
Studies have shown that individuals with ASD have defi-
cits using their motor systems to simulate and under-
stand others’ actions (Théoret et al., 2005; Williams,
Whiten, & Singh, 2004). Our findings raise the possibility
that action–understanding deficits could originate in
these individuals’ inability to use their motor system to
simulate their own actions to determine their action capa-
bilities, which could hinder their ability to use the same
process to interpret others’ actions (Lombardo & Baron-
Cohen, 2011; Ramenzoni et al., 2008a).
These findings are notable in view of past work on
motor abilities in ASD populations. As children with
ASDs are just as accurate in the motoric execution of their
actions as TD children (Forti et al., 2011; Glazebrook
et al., 2006), the motor issues that individuals with ASDs
do display appear to result from problems with motor
planning, which is consistent with having a primary affor-
dance perception deficit. Dowell, Mahone, and Mostofsky
(2009) proposed (but did not test the hypothesis) that
impairments in praxis were likely due to impairments in
spatial perception and perceptual–motor integration due
to the inability to alleviate this deficit when controlling
for basic motor skills and postural knowledge. Similarly,
people with ASDs are worse at adjusting already pre-
planned movements (Nazarali, Glazebrook, & Elliott,
2009). Interestingly, perceptual motor integration deficits
have also been found for individuals with Developmental
Coordination Disorder (DCD); however, the deficits
mostly extend to only the actions in which the individu-
als have difficulty performing (Johnson & Wade, 2007).
Although DCD is often comorbid with ASDs, it is unlikely
that these are related due to the notion that individuals
with ASD do not have deficits in performing the overt
actions. Taken together, these findings suggest that our
results were not likely due to impairments in the ability
to execute a movement but rather the inability to inte-
grate the information associated with planning the
movement.
Our findings are especially striking in light of previous
research suggesting that individuals with ASDs are actu-
ally superior to TD individuals in estimation tasks includ-
ing those involving vision (Ashwin et al., 2009; Souliéres
et al., 2010) and proprioceptive learning (Haswell et al.,
2009; Mottron et al., 2006). It thus seems that the deficit
does not stem from the individual sensory systems
but the ability to integrate perceptual and motor
information.
These results uncover a new perceptual–motor
symptom associated with ASDs. Like other perceptual
deficits in ASD populations (e.g. Klin, Lin, Gorrindo,
Ramsay, & Jones, 2009), this deficit occurs in a domain
that usually develops fluidly at an extremely early age,
not only in humans but also across the animal kingdom
(Adolph & Berger, 2006). That this deficit was found in
adolescents and even adults, who might otherwise be
expected to develop compensatory capacities, provides a
strict test of the hypothesis that basic perceptual–motor
capabilities are impaired in individuals with ASDs.
While these findings demonstrate the presence of
perceptual–motor integration deficits in ASD, recent work
in postural control in ASD suggest that it might be pre-
INSAR358 Linkenauger et al./Perceptual–motor deficit in autism
served in some cases. Chang, Wade, Stoffregen, Hsu, and
Pan (2010) found that children with ASD displayed a
reduction in postural sway for visual tasks that require
larger perceptual effort. Sway reduction with increased
cognitive demands, a finding amply documented in TD
adults, arises from the successful integration of postural
control and cognitive task performance (e.g. Stoffregen,
Pagulayan, Bardy, & Hettinger, 2000). Chang et al.’s
(2010) results suggest that ASD does not interfere with
the ability to integrate perceptual and motor information
during online performance. However, as the authors also
suggests, this does not preclude difficulties in regulating
sway for more complex tasks, such as holding a conver-
sation or, as the present study demonstrates, the percep-
tion of action boundaries for future actions.
Importantly, affordance perception has shown to be
quite plastic and susceptible to learning effects (Adolph,
1997; Fajen, 2005; Higuchi, Takada, Matsuura, &
Imanaka, 2004; Yu, Bardy, & Stoffregen, 2010). Thus,
there is reason to believe that the deficit revealed here
may be amenable to intervention. That this deficit was
found to so strongly relate to core deficits in ASDs sug-
gests that such interventions may provide a simple, fruit-
ful, and novel route to treating complex social/
communicative problems in this population.
There are several factors limiting interpretation of
these results that bear mention. First, while previous
research has shown that IQ does not affect performance
on motor planning (Robinson, Goddard, Dritschel,
Wisley, & Howlin, 2009) or affordance perception
(Block, 1993) tasks, reliance on a high-functioning
sample limits the ability to generalize these findings to
individuals with ASD and poorer IQ (i.e. such individu-
als may experience the deficit revealed here, as well as
additional deficits associated with poor task understand-
ing). Similarly, the lack of formal IQ or ASD symptom-
ology (e.g. SCQ) assessment in the adult sample limits
the ability to generalize from that sample. Therefore, the
results from the adult sample should be seen primarily
as a replication of the findings from the adolescent
sample using a community clinician-diagnosed, slightly
older sample, and not strong verification of the identi-
fied phenomenon in older individuals. Second, the cor-
relational data do not permit evaluation of direction of
effects. As such, while the present interpretation (that
social deficits may emerge from affordance perception
deficits) is consonant with current research specifying
basic perceptual deficits as underlying subsequent
complex social deficits (Klin, Jones, Schultz, & Volkmar,
2003; Klin et al., 2009; McPartland et al., 2011), these
results cannot rule out the possibility that the direction
of the observed effects is reversed (especially given par-
ticipants’ ages). Indeed, just as poor theory of mind
might be intertwined with poor self-reflection among
individuals with ASDs (Lombardo & Baron-Cohen,
2011), social difficulties may be reciprocally related to
(and possibly upstream of) affordance perception.
Finally, it is possible that extraneous factors (e.g. a desire
to complete the task quickly, a perfectionistic tendency,
or interpretation of experimenters’ social nuance) could
have influenced both execution speed and performance.
While the design featured unlimited estimation and cor-
rection time, past research suggests that speed of
completion does not affect performance on these tasks
(Heft, 1993). As a result, differences in speed of comple-
tion likely did not influence observed between-group
differences. Yet future research would do well to consider
the role of such factors in explaining deficits in affor-
dance perception in this population.
Optical information specifying spatial layout comes to
the eye in terms of visual angles. When perceiving
extents, perceivers scale optical information to their
bodies using their action capabilities as perceptual rulers
(Proffitt, 2008). For example, the distances to reachable
objects are seen as a proportion of the perceiver’s
maximum reach (Linkenauger, Witt, Stefanucci, Bakdash,
& Proffitt, 2009; Witt, Proffitt, & Epstein, 2005). Thus,
individuals do not perceive the environment in isolation,
but they perceive it in relation to their bodies. The
present study found that ASD populations do not readily
achieve this perceptual body scaling. Thus, such indi-
viduals may not perceive a precise fit between themselves
and their perceptual world and, as a consequence, may
find themselves perceptually isolated from it.
Perceiving affordances is fundamental to performing
everyday tasks. Gross impairments in this ability could
conceivably underlie more commonly known symptoms
in ASDs, such as the ability to socialize and communicate.
This possibility is raised by the relationship between
social deficits and affordance perception deficits uncov-
ered here. In this respect, these findings are important for
the development of objective diagnostic criteria for ASDs
that could complement the observational, report-based
methods currently employed. Further efforts in this direc-
tion will lend theoretical support and augment the focus
of therapeutic interventions. Specifically, training of
perceptual–motor integration (specifically affordance per-
ception, which is currently nonexistent in ASD treat-
ment) could provide a novel avenue of treatment that
may lead to the amelioration of putative core deficits.
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